Prevention of influenza among infants and young children is a public health priority because of their high risk for influenzarelated complications. Before 2002, recommendations for influenza vaccination of children in the United States focused on those with health conditions that confer increased risk of severe illness from influenza. 1 Recommendations for the routine annual influenza vaccination of all children were first made in 2002, when the Advisory Committee on Immunization Practices (ACIP) voted to encourage providers to vaccinate all children aged 6 to 23 months, regardless of medical conditions. 2 In 2004, the ACIP explicitly recommended vaccination for all children 6 to 23 months. 3 Later, in 2006, these recommendations were expanded to include all children 6 to 59 months and in 2008 to include all children 6 months to 18 years. 4, 5 Children 6 months through 8 years who are influenza vaccine-naive require 2 doses of vaccine for optimal immune response. 6, 7 The ACIP recommends that children 6 months through 8 years receive either 1 dose or two doses spaced at least 4 weeks apart, depending on previous influenza vaccination history. The recommendations for determining the needed number of doses required to be considered fully vaccinated against influenza have changed over time (Table 1) . For the 2002-2003 through the 2006-2007 seasons, 2 doses were recommended for children who had never received an influenza vaccination previously, otherwise 1 dose was recommended. In the 2007-2008 season the recommendation for 2 doses expanded to include those who should have received 2 doses in the previous season but received only 1 dose. The emergence of the pandemic 2009 H1N1 virus (H1N1pdm09) ahead of the 2009-2010 influenza season led to the development of the monovalent pandemic vaccine, and 2 influenza vaccines were recommended during 2009-2010: the trivalent seasonal influenza vaccination and the pandemic influenza A(H1N1)pdm09 (pH1N1) monovalent vaccine. 8 For the 2010-2011 season, given the relative antigenic novelty of the p(H1N1) virus, the recommended approach for determining the number of doses needed for young children was modified to consider both previous exposure to seasonal influenza vaccines and the pH1N1 vaccine. 9 During subsequent seasons up through the 2014-2015 season, the procedure for determining the number of doses needed continued to consider receipt of both seasonal influenza vaccine and the receipt of H1N1pdm09containing vaccine (Table 1) , with some further variations depending on whether vaccine viruses had changed compared with the previous season. [10] [11] [12] [13] Influenza vaccination coverage with at least 1 dose based solely on parental report (ie, no provider verification) has been routinely assessed and reported since 2009, but full vaccination coverage has not been assessed since then. 19 Obtaining full vaccination coverage measures based on parental report is more complicated because it requires the parent to remember and report the child's lifetime history of influenza vaccination. Before the 2009-2010 season, coverage with at least 1 dose and full coverage based solely on provider-reported vaccination histories had been assessed among children 6 to 23 months, but these reports were discontinued due to lack of timeliness, that is, the estimates for 1 season were not available before the start of the next season due to the extended time needed to obtain provider-reported vaccination data. Furthermore, nationally representative providerreported data were not available for all of the age groups recommended to receive annual influenza vaccination as the recommendations expanded from children 6 to 23 months to all children 6 months and older.
This study focuses on children 6 to 23 months because, among children, this age group has the highest risk of influenza-related complications, they were the first group of children for which a routine influenza recommendation was made, and this is an age group for which nationally representative provider-reported influenza vaccination histories are available from survey data. The aims of this study were to examine the percentage of children 6 to 23 months who were fully vaccinated against influenza during each of 10 consecutive influenza seasons, by race/ethnicity, age group, and number of doses required to be fully vaccinated given the child's vaccination history. The estimates in this report can serve as a benchmark against which full vaccination coverage based on the more timely parental report can be compared once these measures are developed for all children 6 months through 8 years.
METHODS

Survey Description
Data from the 2003 through 2012 National Immunization Survey (NIS) were analyzed. The NIS is an ongoing, national, list-assisted randomdigit-dialed, land-line and cellular telephone survey of households with children 19 to 35 months. 20 Cellular telephones were added to the NIS in 2011. 21 The household telephone survey is followed by a mailed questionnaire, the Immunization History Questionnaire, to all of the immunization providers identified during the telephone survey and for which permission to contact them was granted by the parent. The influenza vaccination coverage estimates in this report are based only on the provider-reported 22 The percentage for which adequate provider vaccination records were obtained among children with completed household interviews ranged from 63.6% to 72.3%. 22 Methodological details of the NIS have been previously published. 20
Statistical Methods
The Kaplan-Meier survival analysis procedure was used to calculate the percentage of children fully vaccinated. The event variable was defined as the provider-reported month of the influenza vaccination dose that made the child fully vaccinated against influenza, either the first (or only) dose or the second dose. The number of doses needed was determined on the basis of the season-specific recommendations for number of doses required, as summarized in 
RESULTS
Percentage of Children Requiring 2 Doses
Among children 6 to 23 months, the percentage of children requiring 2 doses to be considered fully vaccinated varied by influenza season as the dosage recommendations changed ( 
Trends in Full Infl uenza Vaccination Coverage by Age Group
Within each age group studied, full influenza vaccination coverage increased from the 2002-2003 influenza season to the 2011-2012 season (trend test P < .001 each; Table 2 ). In 5 of the 10 influenza seasons studied (2003-2004, 2004-2005, 2005-2006, 2006-2007, and 2011-2012) , there were no differences between the age groups in full influenza vaccination coverage.
In the remaining 5 seasons, children aged 6 to 11 months had higher full influenza vaccination coverage than children in the older age groups.
Trends in Full Infl uenza Vaccination Coverage by Race/Ethnicity
Within all 4 racial/ethnic groups studied, full influenza vaccination coverage increased from the 2002-2003 influenza season to the 2011-2012 season (trend test P < .001 each; Table 2 ). The change in vaccination coverage from one season to the next within each group is indicated in Table 2 including whether these changes were statistically significant.
In all 10 influenza seasons studied, non-Hispanic black children (hereafter referred to as black children) and Hispanic children had lower full influenza vaccination coverage than non-Hispanic white children (hereafter referred to as white children; Table 2 ; Fig 2) . The gap in these racial/ethnic differences does not appear to decrease in magnitude over time. For example the percentage of black children fully vaccinated in the 2002-2003 season was 2.7%, whereas the percentage of white children fully vaccinated was 6.1%, a difference of -3.4 percentage points; for the remaining seasons these black-white differences widen as follows: -7.3, -10.3, -11.9, -12.5, -13.7, -14.9, -14.2, -11.2, and -13.7 percentage points. The Hispanicwhite differences by season were as follow: -3.4, -4.8, -8.2, -10.4, -8.6, -8.9, -9.6, -7.7, -5.3, and -8.8). In 7 of the 10 seasons, black children also had lower full influenza vaccination coverage than Hispanic children.
Similar racial/ethnic differences were also seen among the estimates of coverage with at least 1 dose of influenza vaccination ( Table 2 ). In all 10 influenza seasons, black children had lower ≥1 dose influenza vaccination coverage than white children. In 8 of the 10 seasons Hispanic children had lower coverage than white children, whereas in the 2009-2010 and 2010-2011 seasons they had similar coverage.
Full Infl uenza Vaccination Coverage by Number of Doses Required
Among children who required 1 dose to be fully vaccinated and among those who required 2 doses, full influenza vaccination coverage increased from the 2002-2003 influenza season to the 2011-2012 season (trend test P < .001 each; Table 2 ). The change in vaccination coverage from one season to the next within each group and whether these changes were statistically significant is indicated in Table 2 . For all 10 influenza seasons, full influenza vaccination coverage was higher among children requiring only 1 dose compared with those requiring 2 doses ( Table 2 ). For the 2011-2012 season, among the subset of children 6 to 23 months who required 2 doses and received 1 dose, 63.7% received their required second dose, which can be viewed as the completion rate among those who began the series of 2 doses (not shown in tables).
DISCUSSION
This study found that full influenza vaccination coverage of children 6 to 23 months increased from 4.8% in the 2002-2003 influenza season to 44.7% in the 2011-2012 season. This is to be expected because previously published reports of coverage with at least 1 dose of influenza vaccination have shown increases during this time. 19, 23 Despite the increase, the majority of children 6 to 23 months in the United States were not fully vaccinated against influenza.
Previous reports of full influenza vaccination coverage of children 6 to 23 months have been published using NIS provider-reported data, but these reports used a different estimation methodology (proportion estimate, subset of children 6 to 23 months during September-December and only included vaccinations through January). [24] [25] [26] [27] [28] [29] [24] [25] [26] [27] [28] [29] Note that the previous reports slightly underestimated full influenza vaccination coverage as expected because they did not count any vaccinations past January; reanalyzing these data using the improved Kaplan-Meir method rather than the proportion estimate, the censored nature of the data could be taken into account and all vaccinations counted. These reports were discontinued due to lack of timeliness of NIS provider-reported influenza data (ie, the estimates were not available before the start of the next influenza season due to the survey time needed to obtain provider-reported vaccination histories) and due to a need for influenza vaccination estimates for all children 6 months to 17 year was used, the sample would be weighted more heavily toward older children. Use of parental reported influenza vaccination allows for the timely production of influenza vaccination coverage estimates. 19 Obtaining parental report of full influenza vaccination, however, is more complicated because it requires the parental report of several past seasons of influenza vaccination, which may be more subject to recall bias. A thorough analysis of the validity of parent-versus providerreported child influenza vaccination is needed, including examining whether there are differences by race/ ethnicity. Initial indications, when examining the estimated number of people vaccinated, are that parent report overestimates influenza vaccination coverage. 19 At least 1 study did find differences in parental versus provider report by various sociodemographic characteristics, including race/ethnicity. 31 The ≥1 dose coverage estimates in this report, based on provider report, are lower than those based on the parentalreported NIS-Flu estimates; a detailed validity study to quantify the extent of parental overreporting is warranted. 19 Age on November fi rst of the infl uenza season under study.
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FIGURE 1
Full infl uenza vaccination coverage among children aged 6 to 23 months by infl uenza season, NIS, provider report, United States, 2002-2003 through 2011-2012 infl uenza seasons. a Estimates obtained using Kaplan-Meier survival analysis methods and reported with 95% confi dence interval half-widths.
Racial/ethnic differences in influenza vaccination coverage among adults have persisted over many influenza seasons. 32 The finding that such differences also exist for full influenza vaccination coverage of young children is concerning. Broad use of evidence-based strategies that enhance access to vaccination services, increase demand for vaccinations, and use provider or system interventions are important components of efforts to increase vaccination coverage and reduce these differences. 33 Furthermore, providers are encouraged to begin offering influenza vaccination soon after vaccine becomes available and to continue vaccination efforts throughout the influenza season. This is especially important for children who require 2 doses within the season to be fully protected.
This study is subject to at least 3 limitations. First, the NIS is a telephone survey followed by a mail survey to immunization providers. Although statistical adjustments compensate for nonresponse and 8 households without telephones, bias might remain. Second, the NIS relies on provider reported vaccination histories; incomplete records and reporting might affect estimates. However, a previous study has shown that nearly all (97%) vaccinated children aged 6 to 23 months received their influenza vaccination at a medical place (74% at a doctor's office, 18% at a clinic or health center, and 5% at a hospital or emergency department). 30 Third, there was a change in the NIS sampling design from landline to dual frame (landline and cellular telephone), which should be taken into account when interpreting trends over time in NIS estimates.
CONCLUSIONS
Less than half of children aged 6 to 23 months in the United States are fully vaccinated against influenza, and even a smaller percentage of Hispanic and non-Hispanic black children. Appropriate implementation of evidence-based strategies is needed to increase the percentage of children who are fully vaccinated. Prevention of influenza among infants and young children is a public health priority because of their high risk for influenza-related complications.
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